Introduction
Primary hyperparathyroidism is a clinical situation characterized by the excessive secretion of the parathyroid hormone (PTH) leading to increased serum calcium levels. It is more common in women and is more prevalent in the fifth to seventh decade of life [1] . Most cases occur due to a single adenoma (88%); other less common causes are multiglandular disease from double adenoma (4%), multiple gland hyperplasia (6%), and rarely carcinoma (<1%) [1] [2] [3] . Surgical excision of the abnormal gland or glands offers a definitive, curative treatment. Appropriate preoperative localization and exclusion of the multiglandular disease help to determine the surgical approach.
Ultrasonography (US) is a non-invasive, cheap, and widely used imaging modality employed to evaluate preoperatively the patients with hyperparathyroidism. The sensitivity of US in determining the site of the parathyroid adenoma varies from 74% to 89% [2] . High-resolution grayscale images, use of power Doppler US, and the radiologist's experience may increase its sensitivity [2, 4] . However, despite the significant progress in the image quality and scientific knowledge using this modality, it may still be challenging to differentiate a parathyroid lesion from other neck lesions, such as cervical lymph nodes or thyroid nodules [5, 6] . Basic findings that should be reported to the surgeon include the localization and size of the lesion, the presence of the multiglandular disease, and the level of confidence in the US diagnosis of parathyroid adenoma [1] .
Shear wave elastography (SWE) is an US-based imaging modality that evaluates tissue stiffness [7] [8] [9] [10] [11] [12] [13] . In SWE, a vertical pressure is applied to the tissue through a short-duration, high-powered acoustic repulsive radiation force from the probe. This acoustic force causes horizontal displacements in tissue that are called "shear waves". Acoustic radiation force impulse (ARFI) technique of SWE estimates the elasticity of a region of interest (ROI) by measuring the speed of shear waves [13] . There are two ARFI techniques, namely Virtual Touch quantification (VTQ) and Virtual Touch tissue imaging quantification (VTIQ). Both allow tissue elasticity to be evaluated quantitatively, and tissue stiffness is measured as shear wave velocity (SWV) in meters/second (m/s). VTIQ allows the evaluation of the stiffness of smaller tissues using a smaller ROI. Additionally, during VTIQ examination, a two-dimensional (2D) elastography color map is displayed on the box, and differences in the SWV of the tissues are expressed in different colors; this allows the correct placement of the small ROI boxes on the stiffest area. Furthermore, a 2D color shear wave quality map is also obtained, allowing the assessment of image quality. In this study, our aim was to assess the feasibility of the VTIQ method of SWE for the discrimination of parathyroid lesions and to compare the lesions' stiffness with that of cervical lymph nodes.
Materials and methods
This was a prospective, single-center study that was approved by our university's local ethics committee conducted between May 2015 -September 2016. All study participants gave informed consent before examination.
Parathyroid lesions
Patients suffering from clinical symptoms of hyperparathyroidism with biochemically proven high serum PTH and calcium levels were examined at our hospital for the etiology of hyperparathyroidism and were referred to our imaging department for US examination. Among them, 73 patients whose parathyroid lesions were detected with US were included in this study. Two patients were excluded because of inaccessible pathology results, while five patients were excluded because of low VTIQ image quality due to patient obesity or deeply located lesions. Finally the study group comprised 66 patients (49 women and 17 men) with a mean age of 50.25±12.64 years.
Lymph nodes
Lymph node SWV measurements were obtained from patients with cervical lymph nodes detected during US examination for other reasons. This group consisted of 29 patients (20 women, 9 men). Lymph nodes were located at cervical level IV or VI. The inclusion criteria for those patients were as follows: (i) no clinical symptoms of hyperparathyroidism, (ii) normal serum calcium levels, (iii) the presence of the appearance of US reactive lymph nodes, and (iv) no history of any previous neck surgery. Lymph nodes were accepted if they were oval with a preserved fatty hilum, no asymmetrical cortical thickening, and a maximal axial diameter of less than 8 mm [14] .
US and SWE Examination US and SWE of the parathyroid lesions and lymph nodes were performed by a radiologist (A.V.P) with 19 years of experience in US and 5 years of experience in elastography. The examinations were performed using the Siemens ACUSON S2000 US system (Siemens Medical Solution, Mountain View, CA, USA) with a 9L4 multi-D probe. All subjects were positioned supine with the neck slightly extended. During B-mode examination, the size and location of lesions were noted. For SWE examination, the transducer was vertically placed on the skin surface with an adequate amount of gel, and a VTIQ color map was obtained without applying any pressure to the probe to avoid the compression effect. The subjects were also told to hold their breath during image acquisition to minimize breathing artifacts. A 2D elastography color map was displayed on the screen, and five small ROI boxes randomly were placed within the lesion (fig 1, fig 2) . Lesion stiffness was expressed as the mean SWV of the five measurements; this mean value was used for statistical analysis. Shear wave quality maps were also obtained for each VTIQ examination; on these maps, high-quality regions were displayed as green, low-quality regions were displayed as orange, and marginal-quality regions were displayed as yellow [15] . All ROI boxes were placed within the green areas on the shear wave quality map.
Surgery and histopathological examination Surgical excision was performed on all parathyroid lesions and the final diagnosis was based on pathology results. Surgical excision of all lesions was performed by a surgeon (C.P.) with 20 years of experience in parathyroid and thyroid surgery. During B-mode examination of the patients, the surgeon was also present in the examination room for preoperative US localization of the lesions.
Statistical analysis
The statistical analyses were performed with the Statistical Package for the Social Sciences 18.0 (SPSS Inc.; Chicago, IL, USA) for Windows. Data are presented as means and standard deviations for continuous variables. The differences in the mean SWVs of the lesions were evaluated using the one-way analysis of covariance (ANCOVA) test. Age and lesion size were included in the model as covariate. Demographic data of the population and clinical characteristics were analyzed using Chi-square test, Kruskal-Wallis test, and Mann-Whitney U test, as appropriate. A p-value <0.05 was indicative of a statistically significant difference. ROC curves were constructed to assess the diagnostic performance of SWE in differentiating parathyroid adenoma from parathyroid hyperplasia and lymph nodes, and the best cutoff value to differentiate parathyroid adenoma was obtained. The sensitivity and specificity for each comparison were calculated.
Results
Comparison of the mean SWVs of the lesions and demographic data of the included patients are displayed in Table I . A total of 87 parathyroid lesions and 31 lymph nodes were examined. According to the postsurgical results, 54 lesions were diagnosed as parathyroid adenoma and 33 were diagnosed as parathyroid hyperplasia.
The analysis of mean SWV values of the lesions demonstrated that the mean SWV of the parathyroid adenoma (2.16±0.33 m/s) was significantly higher than that of parathyroid hyperplasia or lymph nodes (1.75±0.28 m/s and 1.86±0.37 m/s, respectively, p<0.001) (fig 3) . However, no statistically significant difference was found between the mean SWVs of parathyroid hyperplasia and lymph nodes (p=0.365).
The area under the curve (AUC) for the differentiation of parathyroid adenoma and hyperplasia was 0.832 (95% 
Discussions
In this study, we found that the VTIQ is a feasible modality in distinguishing between parathyroid adenoma, parathyroid hyperplasia, and cervical lymph nodes. Our study results demonstrated that parathyroid adenoma had a stiffer structure comparing with parathyroid hyperplasia and reactive lymph nodes.
A normal parathyroid gland is approximately 5×3×1 mm in size and weighs 20-40 mg. The gland consists of chief cells, fibro-vascular stroma, and fat tissue [2] . Stromal fat constitutes 10-30% of the parathyroid and this proportion increases with age. Cellularity is also variable and distributed unevenly, but it decreases with age. Normal parathyroid glands can sometimes be seen with the help of high-frequency US probes, but they are often invisible due to their small size, deep positioning, and the presence of fat tissue, which makes their identification more difficult [2] . The increased size of the gland due to adenoma or hyperplasia makes the gland visible by US. In parathyroid adenomas little or no fat tissue is present while in hyperplasia the fat tissue is somewhat preserved. The characteristic hypoechoic appearance of parathyroid adenoma is caused by the hyper-cellular internal structure with a low fat content, which reduces the number of interfaces reflecting the sound [2] . In addition, parathyroid adenomas have a hard, fibrous capsule [16] . For those reasons, parathyroid adenoma is supposed to have a stiffer structure than parathyroid hyperplasia. From this hypothesis, preoperative elastographic evaluation of parathyroid lesions may be useful in distinguishing parathyroid adenoma from hyperplasia and may be effective in determining the type of surgical approach. In the presence of a single lesion with high SWV, a minimally invasive parathyroidectomy may be performed, leading to a reduced surgical morbidity, less complications and limited neck exploration. If the examined parathyroid lesion has low SWV values, bilateral surgical neck exploration due to the increased risk of multiglandular disease have to be discussed [5] . However, there is a need for further studies to demonstrate that preoperative parathyroid elastography can improve surgical outcomes.
Searching the literature, we found six studies investigating the elasticity of parathyroid lesions (Table II) . In these studies, it was shown that different parathyroid pathologies may be distinguished by elastography. In a study carried out by Unluturk et al [5] , the authors found that parathyroid adenoma was stiffer than parathyroid hyperplasia. The main limitation of their study was the use of strain elastography, which is an operator-dependent technique that cannot be used to perform tissue quantification [17] . Hattapoglu et al [18] reported that the mean SWV of parathyroid adenoma (2.28±0.50 m/s) was significantly higher than that of parathyroid hyperplasia (1.46±0.23 m/s). The main limitation of their study was the presence of extremely few parathyroid hyperplasia cases and the use of the VTQ technique, which made it difficult to be used in small lesions. Isodiri et al [4] found that the mean Elastoscan Core Index (ECI) value of parathyroid adenoma was higher than that of parathyroid hyperplasia. In our study, we used the VTIQ technique, which allows smaller lesions to be evaluated and is an operator-independent technique. In addition, our number of parathyroid hyperplasia cases was higher than in previous studies.
Comparing 44 parathyroid lesions (41 adenomas and 3 hyperplasia) with thyroid nodules using VTQ, Anurad- [19] found that mean SWV values of parathyroid lesions were lower than those of benign and malignant thyroid nodules. In addition, Azizi et al [17] examined 57 parathyroid adenomas and compared with thyroid tissue. They found that parathyroid adenoma was softer than thyroid tissue; the mean SWV of parathyroid adenoma was 2.01±0.24 m/s in this study. Batur et al [20] compared 21 parathyroid adenomas with 71 thyroid nodules and found that parathyroid adenomas were stiffer than benign thyroid nodules and more elastic than malignant thyroid nodules. In their study, the mean SWV of parathyroid adenoma was found to be 3.09±0.75 m/s. However, all lesions in these two studies were parathyroid adenomas and there were no cases of parathyroid hyperplasia. In our experience, it is difficult to differentiate low cervical lymph nodes from parathyroid lesions. Cervical lymph nodes are usually located adjacent to the jugular vein on the lateral part of the neck, away from the thyroid tissue. Nevertheless, the lymph nodes adjacent to the carotid artery may be confused with the ectopic parathyroid gland [2] . However, the lymph nodes may sometimes be located in the midline near the lower pole of thyroid tissue, and they may resemble adenomas, especially when they have an oval hypoechoic appearance [2] . Our study results demonstrated that the higher SWV value of parathyroid adenoma may enhance our US findings to differentiate a cervical lymph node from a parathyroid adenoma. In the Isodiri et al study, the mean ECI value of lymph nodes was also found to be lower than that of parathyroid lesions, which was consistent with our results. In the studies investigating the contribution of SWE in the differentiation of malignant and benign lymph nodes, the mean SWV values of benign lymph nodes were found to be between 1.52 and 2.71 m/s [21] [22] [23] [24] [25] . The mean SWV value of the lymph nodes in our study was 1.86 m/s.
Our study has some limitations. First, this was a single center study. Multicenter studies with larger populations are required to validate these findings. Secondly, the lymph nodes involved in the study were not examined histopathologically. However, there were US reactive lymph nodes detected during the US examination for other reasons in patients with normal serum calcium levels and without clinical symptoms of hyperparathyroidism. Thirdly, we did not assess interobserver and intraobserver variability of the SWV measurements. Finally, we did not compare the parathyroid lesions with the thyroid tissue or lesions.
Conclusion
Our study results confirmed that parathyroid adenoma is elastographically stiffer than parathyroid hyperplasia and the lymph node. SWE with the VTIQ technique may be a feasible modality for discriminating parathyroid adenoma from parathyroid hyperplasia and cervical lymph nodes.
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